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B Outline

Motivation

@ Experimental Environment

Event Selection and Sample Modeling
@ Lepton Coverage Improvement
@ Cross Check

@ Multivariate Analysis

@ Event Discriminator with Matrix Element Method
@ Likelihood Ratio Cross Check

@ Results

o Latest results for H — WW
@ New results for ZZ
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@ Summary
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‘ Why Higgs Particle?

@ The consequence of the most ecnomic way of spontaneous

electroweak symmetry breaking — Bosons acquire masses
@ Have been searched for 30 years ...I?

————
—LEP1 and SLD

80.5 -+~ LEP2 and Tevatron (prel.)
68% CL

200

m, [GeV]
@ Indirect limit prefer low mass
Higgs

Al

c
3
5

4/50



=

. - 1
- Why Higgs Particle” i

@ The consequence of the most ecnomic way of spontaneous
electroweak symmetry breaking — Bosons acquire masses

@ Have been searched for 30 yea .
CDF Il Preliminary

— WH->Ivbb: 1 -1
«svars Expected WH->Ivbh
—— ZH->vvbb: 1 fb-1
------ Expected ZH->vvbb

« ZH->1Ibb: 1 fb-1
Expected ZH->lIbb
H->WW-llvy: 0.4 fb-1
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@ Indirect limit prefer low mass @ LEP limit my > 114 GeV/c2
Higgs o m.(160CeV /c2) limit: 4/50



Cross-Section [fb]

What We Know About Higgs?

@ Higgs production are calculated to
Next-to-next-leading-logarithm (NNLL)

gg - H
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m,, [Gevic?]
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Cross-Section [fb]

@ Higgs production are calculated to
Next-to-next-leading-logarithm (NNLL)

10°

gg - H
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m,, [Gevic?]

pp Production

Higgs Branching Ratio
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What We Know About Higgs?

Al

c
4
5

0(gg — H) x BR(H- WW) [fb]
o
o

4 —
10 qq - WW
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180 200
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Diboson Physics Outlook

@ Access to the Gauge Boson Self-Couplings
D

P
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@ Access to the Gauge Boson Self-Couplings
D

P

No s-channel for ZZ

@ Key diagram for this talk
P

il w-

D
Searching for the Standard Model Higgs
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Diboson Physics Outlook

U
@ Access to the Gauge Boson Self-Couplings
P P
P
No s-channel for ZZ
@ Key diagram for this talk @ Searching for new physics
P

9 w-

D

Searching for the Standard Model Higgs

@
5
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Large Backgrounds And Small Signal =
UCSD

Tevatron Run Il p p at\ls = 1.96 TeV/c’
Extremely rare process

= E'-@‘ T I bcoF Prélimin‘ary 1
2 0tk = CDF Published | @ 0O(10°) multi-jets QCD
c E ac © DO Preliminary
s f o DOPublished | @ O(10%) Drell-Yan process
3 1031 M SM Expectation | o .
" @ O(109) irreducible
9] r ] . . .
2 f - 1 contamination: continuum
5 10°F v e .
© E E WWwW
: [m] ]
i a4 ot w» | Missing Information
10¢ D ,L E . " s
g o ] @ neutrino doesn’t interact
1k I, with detector
i — @ high Pt v cause large
-1 | | | | | | \MH'I\GO [
10 imbal ance transverse

energy E’T = —YEr
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Hadron Collisions Are Complicated =<
UCSD

@ Parton Distribution
Functions

@ Structure of the
proton

@ Electroweak Physics
and Perturbative QCD  *

@ Nonperturbative QCD

o Lots of different
topologies and
effects

@ Use 7 coordinate instead of 6

n = —log(tan(9/2))

Differences in n invariant under z-boost
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Why Dilepton+Neutrino Final State? ?}

ucCs
VYWV
10% 4%
(T e
11D
WW and H — WW 2z | includes 7
Fully Leptonic Semileptonic
@ Small branching @ ~ 5— 10x branching fractions
fractions @ ~ 1000x backgrounds
@ Low backgrounds @ Complicated detector and
@ Controlable nonperturbative physics in

backgrounds backgrounds
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§ Unique Kinematics Signature

@ Spin 0 Physics to discriminate H — WW* from pp — WW*

h ﬂ
w ® "

— Spin direction

_— Momentum direction
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Unique Kinematics Signature

@ Spin 0 Physics to discriminate H — WW* from pp — WW*

— e
v 0 v

— - —
v oe—— e~ v — e"

— Spin direction

_— Momentum direction

dilepton decayed from Higgs tend to point to the same direction

c
4
5
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Experiment Environment

UCSD
@ Reached target luminosity —
2x10%2cm~2s1 in the end of 2006
@ ~1.5 Pile up events at this luminosity p m—) _’3

@ Expect to have 6 to 8 fb~1 in 2010 S e 1T
@ Used 1.9 fb~? for this analysis e

Year2002 2003 2004 _ 2005 2006_ 2007
Mon EI.' 4 7 1Q1 4 710147 1‘471

01 71014

73500 .
g /
S /
7 ) ;
S2500 / /
= 4
Soo00 // | Eéour'ce % M
- Y J ~ /" Main Injector |
81500 /“ U { |
L i e &Recycler =

1000 /; /1 H ANy S

500 | || peltverpd

L ¢=4=/ Tp1ape

o

1000 2000 3000 4000 5000 .
Store Number 11/50



' CDF I

@ 7 coverage 2.5 for
showers and 1.5 for
tracks

@ 1 GeV/c pr resolution
for 45 GeVi/c lepton

o electron 13% E7
@ muon 0.05% p2

@ 5 GeV Hy resolution
for 60 GeV XEt

o 64%,\/TEr

| Beamline ||
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) Analysis Strategy =

Event Signatures
@ two leptons - e or
@ larger transverse energy imbalance Ht
@ low multiplicity of jets

13/50
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Event Signatures
@ two leptons - e or
@ larger transverse energy imbalance By

@ low multiplicity of jets

4

Model each background

@ Monte Carlo + Data driven estimation
@ Cross check sample modeling
@ Extract signal yields by fitting
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Analysis Strategy
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Event Signatures
@ two leptons - e or
@ larger transverse energy imbalance By

@ low multiplicity of jets

Model each background

@ Monte Carlo + Data driven estimation
@ Cross check sample modeling
@ Extract signal yields by fitting

.

How to achieve observation?

@ Increase signal acceptance but suppress major backgrounds

@ Use all available kinematic information to discriminate signal
from irreducible backgrounds

13/50
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Maximizing the acceptance part I: leptons
@ Aim to use every track and electromagnetic shower found
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Electrons in Winter 2006 Analysis

@ Cracks inn and ¢

Y
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Add New Electrons

Electrons used in Fall 2006 Analysis

@ Use tracks in cracks

@ Use forward showers (only
forWz — 3lv/zZ — 4l)

16/50
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Muons in Winter 2006 Analysis
UCSD

@ Require minimum-ionizing
particles (MIPs)

-3 -2
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Adding New Muons

@ Use crack tracks

@ Use forward tracks which is
consistent with MIPs
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The Improved Acceptance <
Lepton Types used in Fall 2006 Analysis

electron muon

@ WZ — 3lv gains 100% — 60 observation
@ ZZ — 4l gains 250%

@ Higgs, WW,ZZ — 2lvv gains about 50%
Backgrounds in llvv increase 30% to 80%

19/50
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Maximizing the acceptance part II: Event Selection
@ Make kinematic cuts as loose as possible
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) Event Selection Overview

Background in dilepton + Bt

Source Ngen

Drell-Yan? — I | 1.0x107
W +etsP 2.1x10°
WA — vy 1.1x10°
tt — bbllvy 1.3x108
wza - 3ly 2.1x102
772 — llyv 1.3x102
WW — llvw 2.4%x10°

aM; > 15 GeVic?
b AR(j,j) > 0.4, Pt (j) > 15 GeVic, |n(j)| < 3
¢ AR(l,v) > 0.35, P (l), Py () > 8 GeVic
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Event Selection Overview -
UCSD

Background in dilepton + By  ReaAsSiEEil

@ Two and only two leptons

Source Ngen @ pr > 20,10 GeVic
Drell-Yan® — Il | 1.0x107 >
W +jetsP 2.1x106 o my > 16 Gevie
WA — vy 1.1x10°
tt — bbllvr 1.3x103
wza - 3ly 2.1x10?
2722 = llvw 1.3x10?
WW — llvy 2.4x10°

aM; > 15 GeVic?

b AR(j,j) > 0.4,P1(j) > 15GeV/c, |n(j)| < 3

c AR(l,y) > 0.35,P1 (1), Pt (y) > 8 GeVic
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Event Selection Overview -
UCSD

Background in dilepton + By  ReaAsSiEEil

@ Two and only two leptons
Source Ngen o pr > 20,10 GeVic
Drell-Yan® — Il | 1.0x107 >
W +jetsP 2.1x106 o my > 16 Gevie
W"/C N |V"/ 1.1x10° (*] ETSpeC> 25GeV (15 when eu)
tt — bbllvy 1.3x103 Er spec=
wza — 3ly 2.1x10? o Hr,A¢ > m/2
773 _ lyy 1.3%x102 o Hrsin(Ag), Ap < 7/2
WW — llvy 2.4x10°3 , Where Ag(nearest | or j)
aM; > 15 GeVic?
b AR(j,j) > 0.4,P1(j) > 15GeV/c, |n(j)| < 3
¢ AR(l, v) > 0.35,P1 (1), Pr(v) > 8 GeVic
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Event Selection Overview -
UCSD

Background in dilepton + By  ReaAsSiEEil

@ Two and only two leptons
Source Ngen o pr > 20,10 GeVic
Drell-Yan® — Il | 1.0x107 >
W +jetsP 2.1x106 o my > 16 Gevie
W,\/,C N |V"/ 1.1x10° (*] ETSpeC> 25GeV (15 when eu)
tt — bbllvy 1.3x103 Er spec=
wza — 3ly 2.1x10? o Hr,A¢ > m/2
773 _ lyy 1.3%x102 o Hrsin(Ag), Ap < 7/2
WW — llvy 2.4x10°3 , Where Ag(nearest | or j)
ot - 15 Govi? @ Opposite sign charge
b AR(j,j) > 0.4,P1(j) > 15GeV/c, |n(j)| < 3
¢ AR(l,v) > 0.35,P1 (1), Pt (v) > 8 GeVic
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Event Selection Overview -
UCSD

Background in dilepton + By  ReaAsSiEEil

@ Two and only two leptons
Source Ngen o pr > 20,10 GeV/c
Drell-Yan® — Il | 1.0x107 >
W +jetsP 2.1x106 o my > 16 Gevie
W"/C N |V"/ 1.1x10° (*] ETSpeC> 25GeV (15 when eu)
tt — bbllvr 1.3x10° ETSpEC:
wz2 — 3y 2.1x10? o Hr,Ad >m/2
772 — llww 1.3x102 o Hrsin(Ag), Ap < m/2
WW — llvy 2.4x10° , where A¢(nearest | or j)
vy > 156U | ° O.pposne sign charge
S AR( ) > 038, Pr). Pr () = 8 Gole © Njets <2
Er(jet) > 15GeV, |n| < 2.5
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Expected Yields <

UCSD
CDF Run Il Preliminary [ Ldt=1.9fb"
Source | Ngen 1.9 fb? Nexp - 10>Xm. 160 gww gwz
Drell-Yan | 1.0x107 | 82+ 16 , ST o
. 6 00; Bzz
W +jets 2.1x10 67+ 14
W 1.1x10° 59 + 12
tt 1.3x108 17 + 13 100
wz 2.1x102 17 +3 -
2z 1.3x102 21+3
WW 24x103 | 251+ 36 e —— ————
Sum 513+ 41 €€ ep U etk ptk

Predicted Higgs Yields

Higgs Mass (GeV/c?)
110 120 130 140 150 160 170 180 190 200
04 13 30 48 64 78 76 6.2 44 45
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@ Cross check

Hr

A

Al

Signal

ET spec



@ Cross check

Hr

A

DY

Signal

ET spec

=
UCSD

DY
test lepton ID and trigger



Cross check ~
UCSD

4 DY
test lepton ID and trigger

high B+
high By Signal test lepton mis-measuren

Hr

DY

ET spec



Cross check

Hr

A

high B+

DY

Same Sign

ET spec

=
UCSD

DY
test lepton ID and trigger

high Bt
test lepton mis-measuren

Same Sign
test conversion and fake



Cross check

Hr

A

high B+

DY

Same Sign

ET sig

low ET sig

lllllllllllllllll.’

ET spec

=
UCSD

DY
test lepton ID and trigger

high Bt
test lepton mis-measuren

Same Sign
test conversion and fake

low Er sig(: Hr /UET )

og, = VI Er

test unclustered energy

23/50



Cross Check Results ?‘D

uUcCs
1.5 . . . .
S 1.4} E . .
% 2((SDF Run I Preliminary [Ldt=191fb
° 13¢ E .c% [ 10 xm,, (160) «data @zz
L 1.2} E 3 oww gwz
X . ODY [DOw+ets
W 11 E ° 15 O Ewy
s 1 2
=1 ————— c
g o9} — 1 &
? 08 w
o
O 07
0.6
0.5
Z(ee) Z(uy)  SameSign lowMetSig  highMet 3

A leptons

@ Yellow band is systematics

@ high Bt region determines 20%
Bt systematics for DY

@ Same Sign

24/50



Cross Check Results

CDF Run Il Preliminary [Ldt=191"
% —]10x m, (160) edata [Jzz
O Oww [gwz
2 | by Ow+jets
g 10 Ott Ewy
(%)
€ 10;
)
>
L
14
10
0 100 150 200
E; [GeV]
@ high Et

Bt spec < 25 GeV(15 if ey)

\-
UCSD
GDF Run Il Preliminary [ L dt=1.9 fbt
% 10°CT0xm, (T60) ., gama oz
o 105, Oww [QOwz
o ODY  [Ows+jets
5 104 Ot Ewy
E 10°!
S 102
U>J 1074
10+
1
10" ‘ ‘ ‘
0 50 100 150 200
ETspec [Gev]
@ low Hr g
By <25
V2 Er
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) Candidate Events in Signal Region =

UCSD
CDF Run Il Preliminary [ Ldt=19fb*
N(\_, sof T0xm (160) |, jara mzz
CDF Preliminary with 1.9fb—1 E =Ll
Contribution | Expected Events 2 4ol + | aeomm
WW 251 + 36 P { + il
Drell-Yan 82 + 16 g ) |
W +jets 67 + 14 g LY
Wz 17+ 3 . i
0 50 100 150 200
Zz 21+3 Dilepton Mass [GeV/cZ]
W’Y 59 + 12 CDF Run Il Preliminary L dt=1.9 5"
T o [~ 10 x m, (160) . data @zz
tt 17+3 = %) i B
Sum Bkg 513 £ 41 ° B | Ew
Data 522 2
@
@ N(my = 160GeV /c?)=7.8

@ W~ has similar kinematics to
Higgs (my < 160Dev /c?)

Ag leptons



Perform Multivariate Analysis - Matrix Element Method

oAl

@ Discriminate signal from irreducible backgrounds

27/50



‘ The Analysis Flow

Use all leptonic information

@ 8input: PT+,PT_,ETX,ETy

28/50
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Use all leptonic information
@ 8input: PT+,PT_,ETX,E’Ty

Calculate Event Probability
@ 5 event probabilities output
@ Prob: H — WW, pp — WW, pp — ZZ, pp — W+, pp — W+ljet
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j The Analysis Flow
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Use all leptonic information

o 8input: P\+,P - Hr, Bty

Calculate Event Probability

@ 5 event probabilities output
@ Prob: H — WW, pp — WW, pp — ZZ, pp — W+, pp — W+1jet

Construct Likelihood Ratio Discriminator

@ 1 output

PHiggs -
o = = J— b
LR Priggs + 21 P where Xfp, = 1 and fy, are fractions of

expected yields

28/50



Al

j The Analysis Flow
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Use all leptonic information

o 8input: P\+,P - Hr, Bty

| A\

Calculate Event Probability
@ 5 event probabilities output
@ Prob: H — WW, pp — WW, pp — ZZ, pp — W+, pp — W+1jet

Construct Likelihood Ratio Discriminator
@ 1 output

PHiggs -
o = = J— b
LR Priggs + 21 P where Xfp, = 1 and fy, are fractions of

expected yields

Build LR templates of signal and all backgrounds!

28/50
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& Event Probability Calculation
” Matrix Element Method

c
4
5

Leading order probability density using the full kinematic information

1 d
P (Xobs) = <o >/ U(;r;/(y)E(Y)G(XObSaY)dy

Xops : Observed “leptons” and B+ y: true value

29/50
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B Event Probability Calculation
Matrix Element Method

c
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Leading order probability density using the full kinematic information

1 d
P (Xobs) = <o >/ Ug;/(y)ﬁ()/)G(xobSaY)dy

Xops : Observed “leptons” and B+ y: true value

d(;’—ym MCFM LO cross-section

1+ 29/50
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Event Probability Calculation
Matrix Element Method

c
4
5

Leading order probability density using the full kinematic information

1 d
P (Xobs) = <o >/ U(;r;/(y)E(Y)G(XObSaY)dy

Xops : Observed “leptons” and B+ y: true value

e(y) efficiency x acceptanc

dow  MCFM LO cross-section G(Xobs;y)  resolution effects

3
T

29/50
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Integration Details

Calculate Py_ww =

c
4
5

I
R

1+
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Integration Details <X
UCSD

Calculate Py_ww =

9 12 4 x p;
measured |+, 1~ Bry, Hry

I

S

|
(o]

1+
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Integration Details <X
UCSD

Calculate Py_ww =

12 4xp;
—8 measured I+, 1~ By, By,
+4 smear E+,E -, By, Hry

p
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Integration Details

Calculate Py_ww =

I
R

1+

v\—:-—
UCSD

12 4 x p;
—8 measured I+, 1~ By, By,
+4 smear E+,E -, By, Hry

8 D Integration

30/50



) [ntegration Details =
7' Calculate Py_ww+ UCSD

12 4 x p;

-8 measuredI:L,I:,Ii‘TX,E‘Ty

+4 smear E+,E -, By, Hry
8 D Integration

3

@ Summary of the integration variables

(VX7VY7VZ7V_27 E|+7E|*7ETX7ETy)

30/50



) [ntegration Details =
7 Calculate Py _ww+ UCSD

. 12 4xp;
5 —8 measured |+, 1~ By, Bty
v +4 smear Ej+, E-, Bry, Bry
9

8 D Integration

3

1+

@ Summary of the integration variables

(VX7VY7VZ7V_27 E|+7E|*7ETX7ETy)

@ Transform to more efficient variables
- (VX7Vy7V27MH7E|+7E|*7kX7ky)

@ Multiple solutions for each Monte Carlo sampling point

@ Using Importance Sampling integration
30/50



® Calculate Py and Pz

@ Py : 8D Integration

_ i -10 *H1soeewc2 -WwW
MW‘7MW*7V27V27E|+7E|_7kX7ky g_
51
g =
K w Wg g
Z/v* ;‘“ﬁ Tk
. //y -184:
q :
-204:
-20 -18 -16 -14 -12 -10
T W ¢ W 10g,, da(H - WW)/dx
- x
@ Pz;: 8D Integration £ 10 ~Higocevic: 2z
N
MZ7VX7VY7VZ7E|+7E|77kX7ky %112
5-14
g z g
-18
q -20{: :
-20 -18 -16 -14 -12 -10
log,, do(H-WW)/dx
20

o

31/50



B Calculate Py,

I Do DS

) t-channel (b) s-channel ) FSR

@ 5D Integrations:
My ,Kx,Ky,ET1,ET2

@ Construct P,,_jepton from Monte
Carlo

@ Py, could discriminate W+ from
Higgs

@ Less discrimination power for
My < 160 GeV/c?

log,, do(Wy)/dx

log,, do(Wy)/dx

Al

UCSD
-10! —Hizogeviet . Wy
.ofe
12 e
. R
. som]-
-144. N-o=N
: iaae "
-164: o°
-18{
-20
-20 -18 -16 -14 -12 -10
log,, do(H - WW)/dx
10| —Hisocevic? . Wy
12
144.
16{:
-18f°
-20
e i
-20 -18 -16 -14 -12 -10
log,, do(H - WW)/dx
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Evaluate Sensitivity

@ Define Likelihood Ratio Discriminator

LR

PHiggs

~ Phiiggs + Zify, Py,

; 2pfo =1

@ Two dilepton categories based on S/B ratio

Events / 0.04

CDF Run Il Preliminary [ Ldt=1.91b"
[ 10 xmy, (160)

oww gwz
ODY  DOw+iets

1 Ott Ewy
100 ozz

0 0.5 1
LR (H-WW, high S/B)

Events / 0.04

CDF Run Il Preliminary [ Ldt=1.91b"
10 x my (160) oww gwz

ODY  Owsjets
80 Ot Ewy
ozz

0 0.5 1
LR (H-WW, low S/B)

Al

c
4
5
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® Evaluate Sensitivity

@ Define Likelihood Ratio Discriminator

LR = PHiggs 7
Phiggs + Zif, P,

@ Two dilepton categories based on S/B ratio

CDF Run Il Preliminary [ Ldt=1.91b"

To,fy, = 1

CDF Run Il Preliminary [ Ldt=1.91b"

< [ 10xm,(160) Qww gwz < 0xmy (160)  Qww gwz
g ODY  DOw+iets 8 80 ODY  DOw+ets
< 1004 Ott Ewy g Ott Ewy
” ozz Py ozz
< <
[ [
> >
1] 1]
0 0.5 1 0 0.5 1
LR (H-WW, high S/B) LR (H-WW, low S/B)

@ Bayesian Fitting to set 95% Confidence Level limit

e_ﬂi'ul
L(s,bj) = I'ITG(b,J,U,J) pi = Si + Ljbj

Al

c
4
5
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@ Systematics

@ Systematics of 95% C.L. limit due to different sources
@ Implemented correlations between backgrounds

Source

Aogsy,c.1.(%)

Theoretical Xsec
NLO Acceptance
Et modeling
W~ Conversion
W +jets fake
trigger efficiency
PDF

lepton ID

8

luminosity

GFRLNWWNR~OO

Total

=
w

Al

34/50



) Improved Sensitivity

=
UCSD
@ Re-implement previous analysis PRL97, 081802 (2006)

@ Factor of 1.2~1.4 effective luminosity by adding new leptons
@ Factor of 1.8~2.6 effective luminosity by using new methods

5 ‘ ‘ ‘
,94 5 — Ag, Fit with OldLepton
8 . . .
0>i‘ ab — Ag, Fit with NewLepton
@3 5 | — LR(ME) with NewLepton
c =
€ 3 / A
S
= /
0)25 S 4 ™
= _— N—
S 2
L /
wi.5
1

110 120 130 140 150 160 170 180 190 200
Higgs Mass [ GeV/c’]
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Likelihood Ratio Cross Check i__;
UCSD

@ Alternative definition of likelihood ratio to treat background event
probability as signal

@ Phjggs isn’tincluded

CDF Run Il Preliminary [ Ldt=1.9fb" CDF Run Il Preliminary  [Ldt=19fb" CDF Run Il Preliminary [ Ldt=1.9fb"
< 10 xm,, (160) . data @z < [~ 10 xm, (160) . data @z < [ 10xm, (160) . data @z
g 100 Oww Owz 8 OWW Owz S 80 Oww Owz
e ODY Owsjers | 2 150 by Owses | 2 ODY  Owsjets
a Ot Ewy * Ot Ewy *n + Ot Ewy
c c c
Q 2 100 g
m m O 4
50 20
0 0
0 0.5 1
LR (Wy) LR (W+jets)
PW ~y PW +jets
Pw~+2Py, Pw +jets +2-Pp
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H — WW* Search Results s
UCSD

@ Dominant limits for my > 135 GeV/c2
@ Factor of 2 from SM at my > 160 GeV/c?

CDF Il Preliminary

15%DF Run Il Preliminary  [Ldt=1.9fb —
- CT0Xm, (160) . gata @z 2 I B
g Oww Owz = | roeees Expomed Zhwbd
2 ODY  Duriers | 2 ) o Bt
n | DOtt Ewy = 102 E chwuw 19/fb
‘E .t 1 o Expected HWWIIw
ﬂ) - CDF for 1-1.9/fb
Q A N E S e Expected CDF + 10
[ @)
X
[=)
0 10
[S2 N -
L N Bsoers N l
| | | |

120 140 160 180 200
Higgs M ass (GeV/c?)

38/50

LR (H—WW, high S/B)



’ Change Gears to ZZ Search

VVVWV

=
UCSD

@ ZZ — llvv (L.1fb 1)

[Tvv o Ng = 10.7, Ng = 142.2,
/ 1] Observe 182 (1.90)
@ Use Matrix Elements to

discriminate signal and
background
@ 77 — 4 leptons (1.3fb~1)
@ Ng = 2.55, Ng = 0.03,
Observe 1 (2.20)

@ Not observed in hadron collier

_ -+0.
Vet onio(pP — ZZ) = 14 pb K aa ks

7

.5

s(stat.+sys.)pb

@ Only using e or y leptons
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: Significance of ZZ Production at 1.1 fb~1

Two Channels are Better than one

CDF Run Il Preliminary [Ldt= 1116t
3 «data @

=} Dzz  @wy

E 10* Owz  Owsjets
S mww oy

>

i

10 ++ E

1 ——

0 01 02 03 04 05 06 07 08 09
LR (ZZ, WW bkg)

Events / 0.50

10°

10

CDF Run Il Preliminary [Ldt= 1.1 1%

edata [t
Oz  Bw
Owz  Ow+jets
@ww  [Opy

t
=

===

5 45 4 35 -3 -25 -2 -15 -1 -05

log,,(1-LR) (ZZ, WW bkg)

llvy  4lepton Combined
prob 20 0.50 0.92 0.88
prob 3o 0.27 0.71 0.77
prob 50 0.05 0.24 0.51
Observed Significance 1.9 ¢ 220 300

New results at 1.9fb—1 will be released soon.
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c
4
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@ Most likely ZZ — llvr event

lepton 1
Central e
py=1235GeV

lepton 2
Centrale*
p; =515 GeV

n=-1.1

Run=203265 Event=3792931
m12=91.22 GeV

|Hr|=180.5 GeV
Type pr n__¢

Centrale 1235 -04 1.0
Centrale 515 -1.1 0.1
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Summary X
UCSD

@ Improvements of Higgs search sensitivity: 2.2 ~ 3.4 x Lgg

@ Additional Leptons: 1.2 ~ 1.4 X L
@ Matrix Element Method: 1.8 ~ 2.6 x L

@ The packages are widely used in Diboson and H — WW group

@ These techniques have been applied to:

WZ (published in PRL98 161801(2007))

o H — WW* (public result, paper being written)

@ ZZ (new results will be released soon)

@ WW cross-section (result being updated before publication)

©
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Current Experimental Status

Production Cross Section [pb]

10°

10*
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o
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Current Experimental Status

Production Cross Section [pb]

10°

10*

=
o
w

102

=
o

10*

Tevatron Run Il, p p at\/s = 1.96 TeV

N ! ! ! ! ! ! D‘CDIJ—' Pre‘limir‘1aryf
E * CDF Published 3
F B Theory E
B = i
g - 3
I ¥ T ]
i
E T % I_
w 2z W 2y wy & W t 22 H.y, Sus,

M,=160

Higgs is the next!
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Backup Slides
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Al

Estimate W +jets

c
4
5

Data Derived Estimate of W +jets Background

@ Measure rate jets are midentified as leptons in multi-jet QCD
data

@ Assumes jets in multijet events are the same as in W +jets
1 Calculate in the jet data

#ldentified Leptons

Fake Rate= : :
#Denominator Objects

2 Correct for W and Z contamination using Monte Carlo
3 Scale data W +“denominator object” events by measured fake
rate
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Systematics Breakdown

Al

UCSD

Ww |\ Wz | ZZ tt | DY | Wy | Wjets | Higgs
H; Modeling 1.0 1.0 | 1.0 | 1.0 | 20.0| 1.0 - 1.0
Conversions - - - - - 20.0 - -
NLO Acceptance | 5.5 | 10.0 | 10.0 | 10.0 | 5.0 | 10.0 - 10.0
Cross-section 10.0 | 10.0 | 10.0 | 15.0 | 5.0 | 10.0 - -
PDF Uncertainty | 1.9 27 | 2.7 | 21 | 4.1 | 2.2 - 2.2
Lepld +10 1.5 1.4 | 1.3 | 15 | 15 | 1.2 - 1.5
Trigger Eff 2.1 21 | 21 20| 34| 7.0 - 3.3
Total 119 | 14.7 | 14.6 | 184 | 21.9 | 25.6 22.5 10.9
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Matrix Element Methods: SUSY s
UCSD

More decay chains with undetectable massive particles

18 six body decay
2 parton momentum fraction
2 parton level system pr
—4 four-mom conservation
—6 dilepton angle (¢ function)
12 Total Integration d.g.f.
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Fitted Results

UCSD
M_H(GeV/c?) 110 120 130 140 150 160 170 180 190 200
sy (HWW)(ph) || 0.057 | 0.134 | 0.230 | 0.312 | 0.358 | 0.388 | 0.344 | 0.278 | 0.194 | 0.155
median (pb) 3.9 2.9 2.4 2.2 1.8 1.2 1.1 1.3 1.4 1.5
Observed(pb) 4.8 2.8 1.6 1.5 1.1 0.8 0.8 0.8 1.4 1.9
+20/0snm 139.4 | 45.1 21.0 | 13.7 | 104 6.1 6.5 9.1 13.7 | 195
+lo/osa 964 | 317 [ 152 | 96 | 7.3 | 44 | 45 | 65 | 102 | 141
median /sy 69.0 | 21.7 | 10.7 6.9 5.2 3.1 3.2 4.6 71 9.7
-lo/sigmasy 489 | 154 | 77 | 50 | 37 | 22 | 23 | 32 | 50 | 69
-20 /o5 35.9 | 11.2 5.8 3.8 2.9 1.6 1.7 2.4 3.8 5.2
Observed/ogy 83.0 | 20.9 7.0 4.7 3.2 2.0 2.4 3.0 7.0 11.6

Table 1: Expected and Observed Limit for Higgs at 1.9 fb~" with System-
atics (the ratios include the uncertainty on ogas).

Higgs Mass (GeV)
Category | 110 120 130 140 150 160 170 180 190 200

ce 01 03 06 09 12 14 14 11 08 06
e 02 06 13 20 26 31 30 25 1.8 14
o 01 02 05 08 1.1 13 13 1.0 07 0.6
e trk 00 02 04 07 09 12 12 1.0 07 0.6
o trk 00 01 02 04 06 08 07 06 04 03

Total 04 13 30 48 64 78 76 62 44 35
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More kinematics <
UCSD

CDF Run Il Preliminary ]' Ldt=19fb" CDF Run Il Preliminary l' Ldt=19fb"
2501 R_eg'gr: n?a?ftm) edata [t 5001 R_e ﬂ'gr: nfa?feo) - data [
H Oww  @Ewy " Oww  @wy
Owz  Ow+ets Owz  Ow+jets
200 mzz oy @mzz [y
CL=27.1% CL =19.5%
KS CL = 59.2%

KS CL = 36.5%

150

100

50

euk itk
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